INTRODUCTION
Potential applications of adipose-derived stem cells (ADSCs) in regenerative medicine have been demonstrated conceptually by numerous investigations. No marker specifically identifies an ADSC, especially those that have been passaged in culture. Despite this, ADSC still posses the potential to differentiate into multiple cell types depending upon culture media additions. a candidate source of stem cells like ADSCs since they can differentiate into multiple cell types. Early studies suggest that DFAT cells have a partial stem cell signature less robust than ADSCs. 2 However, these studies reported on DFAT cells and ADSCs from early passages 3, 4 and did not compare DFAT cells from the same patient and fat depot.
Stem cell markers and function in vitro have not been demonstrated for ADSCs and DFAT cells isolated from the same patient's lipid depot. Presently, we derived both cells from subcutaneous fat from an obese diabetic patient. A subset of the embryonic stem cell (ESC) and lineage markers were characterized following multiple passages in culture. The ability of cells to differentiate to adipocytes and to osteoblasts, and the capacity of conditioned media (CM) from cells to alter migration of human dermal fibroblasts (HDFs), reflecting the potential for wound healing, was compared. We hypothesized that the DFAT cells would be comparable in adipogenic and osteogenic potential in culture as the ADSC due to the reprogramming.
CLINICAL PROBLEM ADDRESSED
The potential for CM from either ADSCs or DFAT cells to impact cell migration in cells undergoing wound healing was compared in ADSCs and DFAT cells from the same fat depot of an obese diabetic patient to determine whether functional changes occurred during the reprogramming of adipose cells.
MATERIALS AND METHODS

Adipose samples
Subcutaneous adipose tissue, collected as a byproduct at the site of the incision, was harvested during Roux-en-y bypass surgery for weight loss from a human adult female patient at Tampa General Hospital, Tampa, Florida. The de-identified sample was obtained under an Institutional Review Board-approved exemption (# 108360, University of South Florida), and was transported to the laboratory and processed within 24 h of receipt.
Preparation of adipose stromal vascular fraction
The tissue was washed with modified phosphatebuffered saline (PBS) containing 5% penicillin/ streptomycin/amphotericin B (P/S/A). Next, it was placed in sterile tissue culture plates with 0.075% collagenase Type 1 (Worthington) in modified PBS. Single-cell suspensions were prepared by mincing the tissue into small pieces using scalpels and pipetting several times to further disrupt it. Pieces were incubated for 2 h, 37°C, with shaking to facilitate digestion. The collagenase activity was stopped by adding 5 mL of alpha-minimum essential medium (a-MEM) complete media with 20% heat inactivated fetal bovine serum (FBS; Atlanta Biological). Disaggregated tissue was pipetted up and down to promote a cell suspension, and then filtered through a 100-lm cell strainer (BD Falcon) with several rinses. Mature adipocytes were collected by centrifugation in a 50-mL conical tube (400 g, ambient temperature, 5 min) and removed as the supernatant. The cell pellet, containing stromal vascular cells, was vigorously shaken to mix stromal cells. This completes the separation of the stromal vascular fraction (SVF) from primary adipocytes. The centrifugation step is repeated and the collagenase solution above the pellet is aspirated off without disturbing the SVF. The pellet was resuspended in 1 mL of the erythrocyte lysis buffer (Easy Sep Ô 10 · RBC Lysis Buffer #20120, Stem Cell Technologies) for 10 min at ambient temperature, and washed in 20 mL of PBS with 2% P/S/A before centrifugation, 300-500 g, 5 min. The supernatant was aspirated and the cell pellet resuspended in a 3 mL stromal medium (a-MEM; Mediatech) with 20% FBS, 1% l-glutamine (Mediatech), 1% P/S/A, and the cell suspension filtered through a 70-lm cell strainer (BD Falcon) with several rinses in the stromal medium. SVF cells were plated for initial cell culture at 37°C in an atmosphere of 5% CO 2 in humid air in the stromal medium with 100 mg/dL glucose. The medium was replaced every 2 days. Subconfluent cells were passaged by trypsinization. For experiments, we used 5-8 passage ADSCs from a female donor (age 45.6 years, BMI 48 kg/m 2 ) with diabetes mellitus.
Establishment of dedifferentiated adipocyte cells
Adipocytes, obtained by the top layer of cells following centrifugation of the digested fat tissue, were placed in 75-mm culture flasks filled with the a-MEM with 10% FBS and a modified ceiling culture method 1 was used to isolate adhered adipocytes at the end of 2 weeks followed by another 2-3 weeks in bottom culture (or longer) in hypoxia to improve the dedifferentiation process.
Conditioned media
The medium for cell migration assays was collected after culture of cells for 48 h in a serum-free defined medium, the mesenchymal stem cell basal medium (MSC-BM-CD Ô from Lonza #00190620). After collection, CM were frozen at -80°C in 1.5-mL aliquots.
Stem cell markers using RT-qPCR
Total RNA was extracted from DFAT cells and ADSCs using RNABee reagent according to the manufacturer's instructions. RNA was primed with oligo(dT) and reverse transcribed using Superscript II (Life Technologies) according to the manufacturer's directions. Quantitative (q)PCR was carried out using 50 ng cDNA, Maxima SYBER Mix (Fermentas) primer mix, and RNAse-free water. Quantification of the PCR fragment was performed by the 7900 Real Time PCR System (Applied Biosystems). Relative quantification was by DDCT with b-actin for normalization. The calibrator was the ADSC sample in all cases. The level of the gene expression was calculated using 2 -DDCT . Product specificity was verified by dissociation curve analysis. Primers have been described previously. 5 
Multilineage differentiation
Multipotency of DFAT cells and ADSCs was assayed in vitro. The cells were washed once with PBS and fixed with phosphate-buffered formalin for 20 min. Fixed cells were washed once with distilled water and subsequently stained with 1% Alizarin Red S dissolved in distilled water for 5 min. The remaining dye was washed out with distilled water, and the cells were washed once more. Images of the stained cells were captured using a light microscope and its image analyzing software. Afterward, for quantification of staining, 800 lL 10% (v/v) acetic acid was added to each well, and the plate was incubated at room temperature for 30 min with shaking. The monolayer, now loosely attached to the plate, was then scraped from the plate with a cell scraper (Fisher Life Sciences) and transferred with 10% (v/v) acetic acid to a 1.5-mL microcentrifuge tube with a widemouth pipette. After vortexing for 30 s, the slurry was overlaid with 500 lL mineral oil, heated to 85°C for 10 min, and transferred to ice for 5 min. Care was taken at this point to avoid opening of the tubes until fully cooled. The slurry was then centrifuged at 20,000 g for 15 min and 500 lL of the supernatant was removed to a new 1.5-mL microcentrifuge tube. Then, 200 lL of 10% (v/v) ammonium hydroxide was added to neutralize the acid. In some cases, the pH was measured at this point to ensure that it was between 4.1 and 4.5. Aliquots (150 lL) of the supernatant were read in triplicate at 450 nm. 6 Oil Red O for adipogenesis was used according to the manufacturer's instructions. The medium was removed from the culture dish and 10% formalin was incubated for 5 min at RT. The same volume of fresh formalin was replaced and cells were fixed for at least 1 h. After removing formalin, wells were washed with 60% isopropanol and dried completely. The Oil Red O working solution was added for 10 min. The solution was removed and monolayers were washed 4 · . Images were acquired. Oil Red O was eluted by adding 100% isopropanol and incubating 10 min. The soluble Oil Red O was transferred to 1.5-mL tubes and OD at 490 nm was read using isopropanol for the blank. Images of differentiated cells were captured brightfield and phase contrast on a Nikon Eclipse fluorescent microscope using 10 · or 20 · objective with a 0.38 lM/pixel.
Senescence
ADSCs and DFAT cells were grown in 35-mm plates. Media were removed and plates rinsed with 1 · PBS. Cells were fixed for 15 min at room temperature with a 1 · fixative solution (20% formaldehyde, 2% glutaraldehyde in 10 · PBS). After rinsing, 1 mL of the b-galactosidase staining solution (400 mM citric acid/sodium phosphate, 1.5 M NaCl, 20 mM MgCl2, 500 mM potassium ferrocyanide, and 20 mg/mL X-gal in dimethyl formamide) was added to the cells and incubated overnight in a dry incubator. 7 Images of color on cells were captured as described above.
Telomerase levels
Whole cell lysates were collected and Western blot analysis was performed as described. 8 The membrane was immunoblotted using an antitelomerase antibody (Cell Signaling). After incubation with anti-rabbit IgG-HRP, enhanced chemiluminescence (Pierce) was used for detection.
Flow cytometry
Immunophenotypical analysis of cultured cells was performed using the FITC-, PE-, or APCconjugated monoclonal antibodies against CD31, CD34, CD44, CD45, CD73, CD90, CD105, CD106,
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and CD117. Cells were detached using the EDTA buffer, washed, and resuspended at a concentration of 10 6 cells/mL. Cells were incubated at 4°C for 10 min in PBS with 10% FBS. Cells were centrifuged for 5 min at 200 g. The cell pellet was resuspended in the binding buffer (PBS/2% FBS/ 0.01% sodium azide) followed by incubation with the specific mAbs at 4°C for 30 min, then washed with the binding buffer, and resuspended in 0.5 mL of the same buffer and analyzed by flow cytometry (BD Accuri C6).
Cell migration
Primary HDFs were isolated from skin obtained from consenting young adults (ages 20-39 years) undergoing elective surgery under an IRB approved protocol. Discarded skin was placed in a decontaminating solution consisting of DMEM GlutaMax with 4.5 g/L d-glucose, 25 mM HEPES (Gibco Ò ; Life Technologies), 20 lg/mL gentamicin reagent, and 1% Pen/Strep and incubated at 4°C for at least 1 h or up to 24 h. Skin was then rinsed 3 · in 1 · Dulbecco's PBS (DPBS), trimmed of fat and then cut into 3-5-mm-wide strips, which were incubated in 1.83 U/mg dispase (used 0.010 g/mL in sterile DPBS) at 4°C overnight on a rotator. The epithelium was removed from the dermis and the dermis was minced with sterile scissors and further digested in the AccuMax solution (Sigma) for 1-2 h at 37°C. The growth medium (DMEM with 10% FBS and 1% Pen/Strep) was added to the digested dermis and the solution was put through a 70-lm cell strainer, collected, centrifuged, and the cell pellet resuspended in a fresh growth medium. The cell (HDF) suspension was plated and HDF colonies appeared over the next 10 days in culture at 37°C, 95% air, and 5% CO 2 . Subcultured HDFs were used for experiments between passage 2 and 7.
Electric Cell-substrate Impedance Sensing-(ECIS Ô model Zh [Applied Biophysics]) was used to assay the migration of HDFs exposed to 48 h CM obtained from ADSCs, DFAT cells, or unconditioned MSC-BM (Lonza). HDFs were subcultured onto 8W10E ECIS arrays (Applied Biophysics) that were previously incubated with 10 mM cysteine in ddH 2 O and stabilized with growth media (DMEM, 10% FBS, and 1% Pen/Strep). At 95% HDF confluence, the medium was replaced with a low serum medium (2% FBS) for 18 h. HDFs were then incubated in 10 lg/mL Mitomycin C (Sigma) in low serum media for 2 h to prevent HDFs from proliferation. HDFs were then incubated in CM (n = 4 wells per CM type) or unconditioned MSC-BM and the arrays were placed on the ECIS platform and electrodes were checked for initial cell resistance, impedance, and capacitance readings before applying an alternating current (AC) of 1 lA at multiple frequencies (62.5 to 64,000 Hz) to the 250-lm electrodes for 90 min. To uniformly wound the monolayers on the 250-lm electrodes, a current of 6,000 lA at 40,000 Hz was applied for 20 s causing the cells to die and lift from the surface of the electrode. AC (1 lA, multiple frequencies) was continuously applied to the electrodes to measure capacitance (nF), representing cell coverage/confluence and follow wound closure for 20 h at 37°C, 95% air and 5% CO 2 . Data are presented as normalized capacitance with mean -SD (Fig. 5) . At zero time, a capacitance of 1 signifies 0 coverage/ confluence. Data were collected using ECIS Software version 1.2.104.0 PC (7 Aug 2012).
Statistics
Data are mean -SD. Statistical comparisons between groups were performed using the Student's t-test. A value of p < 0.05 was considered statistically significant unless noted otherwise.
RESULTS
Isolation and appearance of ADSCs and DFAT cells after 5-7 passages
To isolate ADSCs, adipose tissue was processed as described and the fat cells from the same biopsy were subjected to ceiling culture for 6 weeks to DFAT cells. We selected passages (P)5-7 of cells 7 as this represented a homogeneous culture of both cell types. DFAT cells required more time for reprogramming, so they are a lower passage than ADSCs. In Fig. 1 , light microscopy of plastic adherent subcutaneous ADSCs and DFAT cells demonstrated undifferentiated fibroblast-like morphology growing in directional patterns. 
Analysis of expression of pluripotencyassociated gene cells by RT-qPCR
Pluripotency-associated genes are important for the maintenance of stem cells. To compare their pluripotent states, we performed RT-qPCR for four ESC markers.
1 DFAT cells and ADSCs expressed similar levels of Oct4 and SALL4, however, ADSCs expressed slightly higher levels of BMI1 and KLF4 (Fig. 2) .
Flow cytometry
DFAT cells and ADSCs from the same patient and fat depot, subcutaneous, demonstrated similar surface markers in culture (Table 1) . Both cell types were negative for CD34, a MSC-associated marker, but were positive for CD44, CD73, CD90, and CD105, also MSC-associated markers. DFAT cells were negative for CD106, while ADSCs expressed extremely low levels. The only marker showing any difference between the two was CD31 with ADSCs expressing a higher percentage than DFAT cells. This indicates that DFAT cells re-established multipotency during the dedifferentiation process, and that they resembled MSCs.
Multilineage differentiation ability
There are reports of DFAT cells differentiating into multiple mesenchymal lineages, including osteogenic, adipogenic, chondrogenic, and myogenic lines.
1,2 Osteogenic differentiations of DFAT cells can be induced by all-trans retinoic acid, an analog of retinol that interacts with bone morphogenetic proteins to inhibit adipogenesis and enhance osteogenesis. 9 Here we used DM from ZenBio (OB-1). Cells were placed in the medium for 4 weeks before staining with Alizarin Red S for calcified matrix deposition. Both ADSCs and DFAT cells accumulated the dye (Fig. 3A, B) . DFAT cells accumulated larger deposits of Alizarin Red than ADSCs by > 50% as shown in Fig. 3E .
DFAT cells proliferated for numerous passages without detectable establishment of lipid droplets as reported by others. 2 However, redifferentiation of DFAT cells toward adipocytes occurred after 5-7 days of DM with significant lipid accumulation observed after 2 weeks. ADSCs were slower to differentiate to adipocytes. Figure 3C and D shows the appearance of the droplets in both cell types. Analysis of the Oil Red O indicated that DFAT cells accumulated 50% more dye than the ADSCs (Fig. 3F ).
Senescence and telomerase levels
During DNA synthesis and repeated cell division, telomeres shorten as a result of the incomplete replication of linear chromosomes. Telomeres, a complex of guanine-rich repeat sequences with associated proteins, protect the eukaryotic chromosome ends against chromosomal fusion, recombination, and terminal DNA degradation. In ESCs, telomerase maintains the telomere length and cellular immortality. In cultured ADSCs, telomerase is reported to be both present and absent. 10, 11 DFAT cells have a higher telomerase activity than ADSCs. 1 Our data corroborate that DFAT cells expressed 2.5-fold more telomerase than ADSCs (Fig. 4A, B) . ) were compared from two different fat depots (subcutaneous and omental) with regard to expression of embryonic stem cell factors and surface markers. Additionally, the dedifferentiated adipocytes from both depots were analyzed. Although sc-ADSCs and sc-DFAT cells were similar in their expression of surface markers and stem cell markers, the om-ADSCs and om-DFAT cells showed more variability with regard to both types of markers. Sc-ADSCs were not as effective in regard to adipocyte differentiation or osteoblast transdifferentiation as the sc-DFAT cells. Similar trends are being seen for om-ADSCs and om-DFAT cells. The reversal of adipogenesis capacity with dedifferentiation suggests that this model may be good for studying the effects of weight loss on the multipotency of adipocyte stem cells. Here a larger proportion of cells positive for SA b-gal were in ADSCs than DFAT cells (Fig. 4C, D) . When cells were scored for blue staining relative to the cell number, there were 50% more positive ADSCs than DFAT cells (Fig. 4E) .
DFAT cell and ADSC CM altered migration of HDFs after wounding at similar rates
To further characterize function, we utilized a uniform wound-healing assay measured by ECIS HDFs, exposed to CM from ADSCs and DFAT cells, was wounded by uniform electroporation, and coverage/confluence was measured as normalized capacitance (Fig. 5A) . At wounding (0 time), all groups have a normalized capacitance of 1, which indicates 0 coverage/confluence. An AC of 1 lA at multiple frequencies was then applied and capacitance was monitored for 20 h. HDFs in the unconditioned medium (MSC-BM) migrated faster over time as indicated by a decreased time to reach a normalized capacitance of 0.6 (5.5 vs. 8.97 and 8.77 h for ADSC and DFAT cell CM, respectively) (Fig. 5B) , and by an increased calculated migration rate of 22.59 versus 13.93 and 14.25 lm/h (Fig. 5D) . A capacitance value of 0.6 was chosen as the ADSC and DFAT cell CM groups both stabilized near this value. Capacitance values at 5.5 h were significantly higher for ADSC (0.714, p = 0.001) and DFAT cell (0.733, p = 0.029) CM groups indicating a lower HDF coverage of the electrodes compared to HDFs (0.602) in the unconditioned MSC-BM (Fig.  5C) .
DISCUSSION
In the past decade, the use of ADSCs as a source for preclinical application has increased exponentially. Two fractions have been evaluated extensively. First, SVF cells containing a variety of cell types, including B and T lymphocytes, endothelial cells, fibroblasts, macrophages, pericytes, preadipocytes, and related populations have been described. 12 Second, the culture of SVF cells on plastic surfaces yields an adherent subpopulation of ADSCs. These cells are more homogeneous based on surface markers and are similar to bone marrow mesenchymal stem cells. 13 Mature adipocytes are considered a terminally differentiated lineage without the ability to proliferate. Ceiling culturing using the buoyancy of adipocytes gives rise to the plasticity of adipocytes to dedifferentiate. These reprogrammed fibroblast-like cells resume proliferation and have multipotent abilities.
Here we compared ESC markers in later passages of ADSCs and DFAT cells from the same patient's subcutaneous fat. OCT4 and SALL4 levels were similar, whereas ADSCs expressed higher levels of BMI1 and KLF4 that DFAT cells. These markers are commonly expressed in human stem cells capable of self-renewal. BMI1 is related to senescence regulation and self-renewal. Overexpression of BMI1 promoted a proliferative advantage and extended murine embryonic fibroblast (MEF) lifespan, and immortalized MEFs.
14 BMI1 was lower in DFAT cells and indicates that other factors must be related to the increased telomerase levels we noted. SALL4 is required for stabilization of ESCs. 15 DFAT cells had more SALL4 mRNA, which may reflect increased stability. In ESCs, Klf4 was a good indicator of the stem-like capacity. This transcription factor interacts with the CREBbinding protein. 16 Klf4 is present at the promoter of an enzymatic subunit of telomerase, where it forms a complex with b-catenin where it is required for accumulation of b-catenin. 17 Whether Klf4 mRNA is related to the telomerase activity here is not known.
DFAT cells re-establish MSC markers during the dedifferentiation process as reported. 2 The percentages of cells staining positive for seven MSC markers were the same for DFAT cells and ADSCs. Coexpression of CD73, CD90, CD40, and CD44 was high and CD31, CD34, CD45, and CD106 was low. The finding that both cells expressed identical levels of markers after roughly the same time in culture indicates the cells share common phenotypes that are stable. However, DFAT cells are known to remain stable for well over 30 passages. 2 The absence of CD31, CD34, and CD106 was anticipated as these markers are low in cells that have been passaged several times. CD73 and CD44 are markers related to MSCs and are highly expressed as are CD90 and CD105 in subcutaneous ADSCs.
18 CD117 should be low as we noted. Our finding that positive markers are maintained at high levels during passage and with dedifferentiation shows an enrichment of stem cell populations with culture.
DFAT cells were more osteogenic than ADSCs. DFAT cells were also more adipogenic, with significant lipid accumulation observed after 14 days. ADSCs accumulated lipids at a slower rate, demonstrating only 50% of the Oil Red O that DFAT cells accumulated. Hence, the differentiation potential of DFAT cells was greater than the same patient's ADSCs. This may reflect the fact that the patient was obese and diabetic, and ADSCs from obese patients are less likely to differentiate. [19] [20] [21] [22] However, increasing stem cell potential for adipocyte and osteoblast formation by dedifferentiating mature adipocytes to DFAT cells is a novel finding. It is mimetic of the effect of weight loss in postgastric bypass subjects. 21 Senescence was also greater in ADSCs than in DFAT cells, indicating that the DFAT cells have a greater self-renewal capacity as well as improved stem cell qualities as assessed by telomerase levels. Obese adipose tissue and preadipocytes show an increased SA b-gal activity. 23 This suggests that a senescent-like stage occurs in differentiating adipocytes from obese donors. Our data suggest that DFAT cells overcome this and show less senescence. This may imply that reprogramming cells through dedifferentiation confers protection against cellular senescence, which could protect them from a proinflammatory phenotype. Hence, DFAT cells behave more like lean preadipocytes than ADSCs from the obese patient.
ADSCs secrete paracrine mediators that influence cell behavior, with the potential to promote wound healing. 24, 25 Specifically, CM from cultured hADSCs have been shown to increase collagen synthesis, enhance fibroblast migration, reduce the wound area, and to have potent antioxidant activity that may protect the surrounding cells from oxidative stress. 24, 26, 27 However, the source of ADSCs may contribute to their functionality. 12 Most studies use ADSCs derived from young healthy animals or from young healthy female humans, applied to tissue culture models or normal mice. El-ftesi et al. demonstrated that ADSCs from aged and diabetic mice have a decreased ability to stimulate neovascularization and that this capacity is further blunted when the ADSCs are cultured in hypoxia. 28 Cianfarani et al., report that diabetes altered and diminished the function of ADSCs in wound assays. 29 Our study is unique in that we isolated the ADSCs and DFAT cells from an obese, diabetic donor and after characterization for stem cell markers, applied CM to primary human fibroblasts. Using the highly sensitive ECIS system to measure migration, we showed that this donor source is indistinguishable with regard to whether the CM was from DFAT cells or ADSCs. Comparison to ADSC and DFAT cell CM from normal weight and nondiabetic donors is currently under investigation, but beyond the intent of this study.
INNOVATION
The primary innovation of this study was the comparison of cells from the same donor. Despite studies of ADSC from other sources, there are no comparisons of the ability of dedifferentiated adipocytes from the same donor to alter migration of HDFs. CM from ADSCs or DFAT cells of the same donor stimulated cell migration from a young donor at the same rate in an assay that measures the ability of secreted factors to maintain the cell proliferation. 10 Other studies tested different media for ADSC expansion, and then compared proliferation and morphology. 30 This study used a fully defined medium with two cell preparations in a defined migration assay. Both cell types are likely to secrete tumor necrosis factor-alpha, which stimulates cell migration through mechanisms involving IL-6 and IL-8. The study is innovative in that it suggests that dedifferentiated adipocytes are an alternative source of ADSCs for cell therapy and many of the DFAT cell properties are improved with the reprogramming. 
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KEY FINDINGS
Our case study details differences and similarities between subcutaneous ADSCs and DFAT cells from an obese diabetic donor:
Dedifferentiated fat cells (DFAT) demonstrated homogeneity with similar stem cell and surface markers to ADSCs after multiple passages.
The most notable differences were in increased telomerase levels and an increased ability to redifferentiate and transdifferentiate to adipocytes and osteoblasts by DFAT cells versus ADSCs.
There was similarity in the ability of CM from both cell types to alter cell migration of HDFs, a parameter important for wound healing.
Since ADSCs were from an obese diabetic donor, improvements of dedifferentiated adipose cells noted with the reprogramming process may provide a means of improving a patient's cells for regenerative medicine applications.
